ABSTRACT: Holstein steers (n = 2,275) were assigned to 1 of 3 treatments: 1) a control diet containing no β-agonists, 2) a diet that contained zilpaterol hydrochloride (ZH; 8.3 mg/kg [100% DM basis]) for 20 d with a 3-d withdrawal period before harvest, and 3) a diet that contained ractopamine hydrochloride (RH; 30.1 mg/kg [100% DM basis]) for 28 d before harvest. No differences (P ≥ 0.18) were detected between treatments for initial BW, BW at d 28, or DMI. Final BW, BW gain for the last 28 d, total BW gain, ADG for the last 28 d, and overall ADG were greater (P < 0.05) for steers fed ZH or RH than for steers fed the control diet. Additionally, G:F for the last 28 d and G:F for the entire trial was increased (P < 0.02) for steers fed ZH (0.147, 0.147) or RH (0.153, 0.151) compared to steers fed the control diet (0.134, 0.143), respectively. Steers fed ZH or RH had HCW that were 15.5 and 8.2 kg heavier (P ≤ 0.01) and LM areas that were 7.1 and 2.3 cm 2 larger (P < 0.01) than control cattle. Steers fed ZH also had dressed carcass yields that were 1.3% to 1.5% greater and USDA calculated yield grades that were decreased 0.16 to 0.23 units compared to RH and control steers. No differences (P ≥ 0.39) were found between treatments for marbling score, fat thickness, and percentage KPH. Steers fed ZH had an increased (P ≤ 0.04) percentage of yield grade 1 and 2 carcasses (15.1, 55.0) and a reduced (P ≤ 0.02) percentage of yield grade 3 carcasses (27.1) compared with those fed RH (10.5, 49.1, 36.1) or the control diet (9.0, 47.4, 36.4), respectively. Additionally, ZH-fed steers had a decreased (P ≤ 0.04) percentage of yield grade 4 and 5 carcasses (2.8) compared with steers fed the control diet (6.9). Steers fed ZH had an increased (P ≤ 0.01) percentage of USDA Select grading carcass (31.0%) and a decreased (P ≤ 0.01) percentage of USDA Choice grading carcasses (65.0%) compared with steers fed RH (25.8%, 70.2%) and no β-agonist (24.8%, 72.0%), respectively. Feeding either β-agonist to calf-fed Holstein steers increased live performance through increased BW, BW gain, and ADG. Furthermore, supplementing calf-fed Holstein steers with ZH provides greater improvements in HCW, LM area, and yield grade components, with a slight decrease in quality grade when compared to calf-fed Holstein steers supplemented with RH.
INTRODUCTION
In 2012, the U.S. beef industry harvested over 32 million steers and heifers (USDA, 2012) . According to the National Beef Quality Audit (NBQA) 2000 (McKenna et al., 2002) , NBQA-2005 (Garcia et al., 2008 , and NBQA-2011 (McKeith et al., 2012 approximately 6.0% of harvested cattle were of the Holstein phenotype, which is equal to nearly 2 million Holstein cattle being harvested in 2012. Thus, Holstein cattle have become an integral component of the U.S. fed cattle market.
Two β-adrenergic agonists (βAA) have been approved for use in cattle fed in confinement for slaughter in the United States. Zilpaterol hydrochloride (ZH; Merck Animal Health, DeSoto, KS) is labeled to increase the rate of gain, improve feed efficiency, and increase carcass leanness (U.S. Food and Drug Administration [FDA], 2006) . Ractopamine hydrochloride (RH; Elanco Animal Health, Greenfield, IN) is labeled to increase the rate of weight gain, improve feed efficiency, increase carcass leanness and for prevention and control of coccidiosis (FDA, 2004) .
Previous research has shown that calf-fed Holstein steers fed either ZH or RH had increased feed efficiency (G:F), ADG, dressing percentage, carcass weight, and LM area (Bass et al., 2009; Beckett et al., 2009; Vogel et al., 2009) . Although individual analyses of ZH and RH have been conducted, limited data have evaluated the comparative effects of these additives on calf-fed Holstein steer performance and carcass characteristics. Therefore, the objective of this study was to quantify the effects of ZH and RH on live performance and carcass characteristics of calf-fed Holstein steers. (FASS, 1999) .
MATERIALS AND METHODS

Animals
Treatment Allocation
Calf-fed Holstein steers (n = 2,275) were obtained from a commercial feed yard in Texas. Steers were blocked by original pen source, resulting in 9 blocks per treatment. Steers were randomized to treatment at 190 d before harvest. The first block (rep) was randomized in November 2010 and the last block (rep) was randomized in February 2011. All animals in each pen received the same treatment. The 3 treatments consisted of 1) a control diet containing no ZH or RH, 2) a diet that contained ZH (8.3 mg/kg [100% DM basis; 7.56 g/t]; Merck Animal Health), and 3) a diet that contained RH (30.1 mg/ kg [100% DM basis; 27.3 g/t]; Elanco Animal Health).
Feeding Management
All steers in the study received IBR-BVD Type I-BVD Type II vaccination (Vista 3, Merck Animal Health) and a growth-promoting implant containing 200 mg trenbolone acetate and 40 mg of estradiol (Revalor-XS, Merck Animal Health). The rate of supplementation for each treatment was determined using label requirements and manufacturer recommendations for the type of cattle used in this trial. Steers were given ad libitum access to feed and water, and all animals were fed the control ration until ZH or RH treatments were initiated. The compositions of the control, ZH, and RH diets are provided in Table 1 . The composition of supplementation used is provided in Table 2 . The steers fed RH were supplemented at a rate of 30.1 mg/kg (100% DM basis; 27.3 g/t) for a period of 28 d before harvest. The steers fed ZH were supplemented at a rate of 8.3 mg/kg (100% DM basis; 7.56 g/t) for a period of 20 d followed by a 3-d withdrawal period before slaughter. After the 3-d withdrawal period for the ZH treatment and the 28-d feeding of RH, the steers were weighed by pen, and a final pen BW was recorded. During the last 28 d, 2 control steers and 1 ZH steer were removed from the study due to mortality. For the total duration of the study, 10 control, 15 ZH, and 11 RH steers were removed from the study due to mortality. Additionally, 41 control, 36 ZH, and 34 RH steers were removed from the study before completion due to chronic morbidity.
Carcass Evaluation
Cattle were transported approximately 283 km (approximately 3.5 h) to a commercial beef-processing facility in Kansas and were harvested on 5 different occasions. Treatment was equally represented on each harvest day. All cattle were harvested on the day of transportation to the harvest facility. At harvest, HCW was measured using facility scales, and all other yield and quality parameters were objectively evaluated using video image analysis (VIA). Parameters evaluated using VIA technology included calculated USDA yield grade (YG), marbling score, USDA quality grade (QG), LM area, and 12th-rib subcutaneous fat depth (USDA, 1997).
Statistical Analysis
Feeding performance and carcass characteristic data were analyzed as a randomized complete block design using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). Pen was considered the experimental unit. Steers were blocked by original pen source, resulting in 9 blocks per treatment. The model statement contained treatment as a fixed effect, and block was specified as a random effect. Least squares means were separated using the PDIFF option of SAS. Treatments were determined to be significant at α = 0.05. The GLIMMIX procedure (SAS Inst. Inc., Cary, NC) was used to test for distributions of QG and YG with fixed and random effects, as previously outlined.
RESULTS AND DISCUSSION
Feeding Performance
There were no differences (P ≥ 0.18) observed between treatments for initial BW, BW at d 28, or DMI (Table 3) . Greater (P < 0.05) final BW (648.8 and 651.8 vs. 639.6 kg), BW gain for the last 28 d (41.3 and 45.1 vs. 38.7 kg), BW gain (264.1 and 266.0 vs. 257.5 kg), ADG for the last 28 d (1.48 and 1.61 vs. 1.39 kg), and overall ADG (1.39 and 1.40 vs. 1.35 kg) were observed for steers fed ZH and RH than those fed the control diet, respectively. In addition, G:F for last 28 d and G:F for the entire trial was increased (P < 0.02) for steers fed ZH (0.147, 0.147) or RH (0.153, 0.151) compared to steers fed the control diet (0.134, 0.143), respectively. During the 28-d period, the steers receiving either β-agonist were 10.7% more efficient in converting feed into live gain. This increase in productivity of cattle fed a β-agonist has been previously reported by Capper and Hayes (2012) . Results from the current study are similar to efficiencies reported by Bass et al. (2009 ), and Vogel et al. (2009 , who collectively reported greater final BW (3.5 to 13.4 kg increase), an increase in ADG (0.03 to 0.24 kg/d), and an increase in G:F (0.007 to 0.024) of calf-fed Holstein steers fed a β-agonist compared to cattle that were not fed a β-agonist.
Carcass Characteristics
Carcass characteristics reported in Table 4 indicate that HCW and LM area were different between all treatments 4 Added using a microweigh machine (Micro Beef Technologies, Amarillo, TX). All diets contained vitamin A (2,650 IU/kg), vitamin D (265 IU/kg), Rumensin (36.7 mg/kg, Elanco Animal Health), and Tylan (10.1 mg/kg, Elanco Animal Health).
5 Zilmax (Merck Animal Health) formulated to provide 6.8 g/t ZH (100% DM basis).
6 Optaflexx (Elanco Animal Health) formulated to provide 24.6 g/t RH (100% DM basis).
7 Daily samples composited weekly and then monthly were submitted for analysis to Servi-Tech Laboratories, Amarillo, TX. Each value is the mean of 4 composites collected monthly. Beckett et al. (2009 ), Vogel et al. (2009 ), and Lawrence et al. (2011 , who collectively reported increased HCW (3.1 to 17.2 kg), dressed yield (-0.07% to 1.56%), and LM area (1.7 to 8.9 cm2) and decreased USDA calculated YG (0.06 to 0.34 units) of calf-fed Holstein steers fed a β-agonist compared to steers not fed a β-agonist. Calffed Holstein steers fed ZH have been shown to increase the dorsal-ventral dimensions of the LM, resulting in a plumper LM compared to the typical angular LM in calffed Holstein steers not supplemented ZH (Lawrence et al., 2011) . Lawrence et al. (2011) concluded that this increase in LM area and depth ultimately increases the usable portion of the top loin, thereby improving carcass value. No differences (P ≥ 0.39) were found between treatments for marbling score, fat thickness and percentage KPH. However, the values reported in this study follow the general trends reported by Bass et al. (2009 ), Vogel et al. (2009 ), and Lawrence et al. (2011 , who collectively reported an overall change in marbling score (-29.8 to 2.3), fat thickness (-0.08 to 0 cm), and percentage KPH (-0.13 to 0.03) of calf-fed Holstein steers fed a β-agonist compared to steers not fed a β-agonist.
The percentage of carcasses by calculated YG is presented in Table 4 . Calf-fed Holstein steers fed ZH had an increased (P ≤ 0.04) percentage of YG 1 and 2 carcasses (15.1, 55.0) and a reduced (P ≤ 0.02) percentage of YG 3 carcasses (27.1) compared with RH (10.5, 49.1, 36.1) and control (9.0, 47.4, 36.4), respectively. Additionally, ZH fed steers had a decreased (P ≤ 0.04) percentage of YG 4 and 5 carcasses (2.8) compared with steers fed the control diet (6.9). The results from the current study with respect to YG are generally consistent with those of Beckett et al. (2009) feeding ZH increased percentages of USDA YG 1 and 2 (3.0% to 18.3%) and decreased percentages of USDA YG 3, 4, and 5 carcasses (0.7% to 23.8%) over RH and cattle not fed a β-agonist. The effect of treatment on USDA QG is presented in Table 4 . Calf-fed Holstein steers fed ZH had an increased (P < 0.01) percentage of USDA Select grading carcass (31.0) and a decreased (P < 0.01) percentage of USDA Choice grading carcasses (65.0) compared with steers fed RH (25.8, 70.2) or the control diet (24.8, 72.0), respectively. The results from the current study with respect to QG are generally consistent with those of Beckett et al. (2009) and Elam et al. (2009) , who collectively reported feeding ZH increased the percentage of USDA Select grading carcasses (11.7% to 12.3%) and decreased the percentage of USDA Choice grading carcasses (5.8% to 12.0%) over cattle fed no β-agonist. No differences (P ≥ 0.49) were observed between treatments for the percentage of USDA Standard or Prime grading carcasses.
These results suggest feeding either β-agonist to calffed Holstein steers increases live performance through increased BW, BW gain, and ADG. Furthermore, these results suggest that supplementing calf-fed Holstein steers with ZH enhances cutability, through an increase in the proportion of YG 1 and 2 carcasses and a subsequent reduction of YG 3, 4, and 5 carcasses. Additionally, QG was decreased for ZH steers when compared to calf-fed Holstein steers supplemented with RH or no β-agonist. Supplementing calf-fed Holstein steers with ZH offers advantages for producers and packers alike, through improvements in HCW, LM area, and YG components when compared to calf-fed Holstein steers supplemented with RH. 3 Dressing percentage = pen mean carcass weight/pen mean final shrunk body weight × 100. 4 Determined by digital image.
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5 Scores: 400 = Small00; 500 = Modest00.
6 Determined by harvest facility scale.
